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[0052] 

[Effect of the Invention]The polyether system metalworking fluid of this invention 
does so the effect of excelling in compatibility with hydrocarbon, such as straight 
mineral oil, and excelling in lubricity and a viscosity index. Therefore, it is very 
suitable as metalworking fluid. 



[Translation done.] 
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(54) PITTING RESISTANT COPPER OR COPPER ALLOY TUBE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide pitting resistant copper or copper alloy tube 
having a low carbon adhesion which dispenses with changing inter-intrusion or 
drawing stages of large-sized equipment, is low in running cost and is capable of 
preventing corrosion resistance trouble due to the residual carbon in a copper pipe. 
SOLUTION: Drawing is executed by using a lubricating oil containing polybutene of > 
150 to <10000 cSt in dynamic viscosity at 40° C and <0.001 19 in [I] at 740 cm-1 in 
the wave number based on a -(CH2)n- group when the IR absorption luminosity by 
an IR total reflection absorption method is defined as [I] in part or the entire stage 
of the drawing stage. The carbon quantity remaining in the tube after the tube is 
subjected to continuous annealing by induction heating is <0.05 mg/dm2. Further, 3 
to 1 3C alcohol is added as <30% to the lubricating oil and this alcohol is the alcohol 
of at least one selected from the group consisting of octyl alcohol and/ or nonyl 
alcohol. 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]When kinetic viscosity at 40 ** is 150 or more cSt [ less than 10000 ] and 

infrared absorption luminous intensity by an infrared total-internal-reflection 

absorption process is made into [I] in one copy or a whole process of a drawing 

-1 

process, (CH ) - Said [I] [ in / in a wave number based on n-basis / 740 cm J 

carries out drawing processing using a lubricating oil containing polybutene which is 

less than 0.001 19, Pitting-proof copper or a copper alloy tube, wherein a carbon 

content which remains in a pipe after carrying out continuous annealing by induction 

2 

heating is below 0.05 mg/ dm . 

[Claim 2]The pitting-proof copper according to claim 1 or a copper alloy tube for 
which said lubricating oil is characterized by adding a carbon number less than 30% in 
alcohol of 6 thru/or 1 3. 

[Claim 3]The pitting-proof copper according to claim 2 or a copper alloy tube, 
wherein said alcohol is at least one or more sorts of alcohol chosen from a group 
which consists of octyl alcohol and nonyl alcohol. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Especially this invention about pitting-proof copper or a 
copper alloy tube as water supply piping, a hot water supply line, and a heating 
medium, At the time of manufacture of copper and the copper alloy which are used 
for the heat exchanger tube for heat exchangers which lets water pass in a pipe, the 
carbon content which has an adverse effect on copper or the pitting susceptibility of 
a copper alloy tube is reduced to pitting generated with the water which lets water 
flow in a pipe, and it is related with pitting-proof copper or the copper alloy tube 
which pitting susceptibility reduced. 
[0002] 

[Description of the Prior Art]Conventionally, copper or a copper alloy tube 
(henceforth [ copper or a copper alloy tube is named generically, and ] a copper pipe) 
is used from processability, heat-conducting characteristic, workability, and a 
corrosion-resistant viewpoint as a heat exchanger tube for air heat exchangers 
which used chlorofluocarbon as the refrigerant in water supply piping, the hot water 
supply line, the heat exchanger tube for heat exchangers that lets water pass in a 
pipe as heating media, and the pipe. 

[0003] However, in a copper pipe, the internal lubricating oil used at the time of 
drawing processing has adhered. 

Depending on the temperature cycle at the time of annealing of a copper pipe 
(heating and cooling cycle), or the controlled atmosphere presentation in a copper 
pipe, it remains with oil, or this lubricating oil carbonizes and adheres as the shape of 
a coat, or granular carbon in many cases. 

[0004]When above-mentioned internal lubricating oil adhered in the pipe of a copper 
pipe as carbon, there is a possibility of generating pitting and the accident to which a 
copper pipe is made to leak for a short period of time had occurred. As this cause, it 
has been supposed that the carbon residue coat in a pipe has an adverse effect on 
pitting susceptibility. 
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[0005]On the other hand, while the above-mentioned lubricating oil has been oil, 
when it remains, at the time of water flow, the oxide layer in a pipe effective in 
corrosion resistance generates unevenly, and there is a possibility that the corrosion 
resistance in a tunic defective part may fall. 

[0006]For this reason, various methods of removing reduction or removal, and oil are 
proposed in the carbon which remained in the pipe. 

[0007]There is the method (JP,1~1 5586,B, JP,2-61054,A, and UKGB 204183) of 
blowing continuously the gas which added many oxygen into a pipe the making a 
precise and thick oxide film generate from a viewpoint of reduction of a carbon coat 
or removal, and generation of the initial coat of a copper pipe purpose. 
[0008]In the copper pipe wound around the coiled form, the viscosity of a drawing 
lubricating oil is reduced, and also the gas which added many oxygen is sealed in a 
coil, and there is the method (JP,5-239677,A) of annealing. 

[0009]On the other hand as a method aiming at removal of oil, When annealing the 
copper pipe wound around the coiled form, at the time of pipe heating. [ whether 
inactive gas or reducing gas is continuously blown into a pipe, and ] Or there are the 
methods (JP,54-4861 8,A, JP,54-48619,A, JP,54-48620,A, JP,5-57263,A, JP,6- 
279860A etc.) of discharging the lubricating oil gasified with heat out of a pipe, etc. 
by drawing in. 

[0010]The method of removing mechanically with sandblasting etc. is after annealing. 
[0011] 

[Problem(s) to be Solved by the Invention] However, in the induction heating furnace 
used at the time of half-rigid copper pipe manufacture, etc., there is a problem that 
there are many the oil and the carbon contents in a pipe, by the temperature up of a 
second bit, and rapid cooling compared with annealing of a coiled copper pipe. 
[0012]About the carbonaceous reduction or the removal, and the removal of oil 
which remained in the pipe, it has a problem shown below in above-mentioned 
conventional technology. 

[0013]The perfect combustion of the lubricating oil gasified in the pipe with through 
while heat-treating the gas of the oxidizing quality in the copper pipe is carried out, 
In the method (JP,1-15586,B, JP,2-61054,A, and UK GB 204183) of forming a 
precise and thick oxide film, although a lubricating oil is thoroughly removable, if a 
precise thick oxide film is made to generate, the oxide film of an inner surface will 
become thick. Since a mandrel is put into the inside of a pipe and bending is 
performed to hairpin shape when manufacturing small air-conditioning equipment, 
such as a fan-coil unit, when an inner surface oxide film is thick, lubricous [ between 
a tube wall and a tool / poor ] arises, and there is a possibility that a copper pipe 
may fracture. It becomes easy to produce poor soldering. Since gas is continuously 
supplied in a pipe, installation of a gas supply device or a suction unit is needed, and 
there is a problem that plant-and-equipment investment is required and a running 
cost starts. 

[0014]In the method (JP,5-239677,A) of carrying out drawing of the copper pipe 
using the drawing lubricating oil of hypoviscosity, and putting in oxygen mixed gas in 
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a pipe, sealing, and annealing. Drawing processing is carried out at the high speed of 
not less than 1 0 m/sec by the bull block, and, as for drawing of a long pipe, it 
inquires like drawing processing of high working ratio at high speed more for 
manufacturing-cost reduction. Then, as for the drawing inner surface oil used, in 
consideration of drawing processability, what has high viscosity has been selected 
comparatively. Although the relation between the viscosity of a lubricating oil and 
decomposition evaporation temperature is not clear, evaporation temperature tends 
to fall by reducing viscosity. However, the fall of viscosity is anxious about the fall of 
the tool life by printing of the tool at the time of drawing. For this reason, there is a 
problem of having an adverse effect on productivity, such as a fall of drawing speed 
or decline in the drawing working ratio in a drawing process. 

[0015]There is a problem that it is difficult to attain the control of carbon residue 
quantification or the reduction in bottom oil by a pyrolysis even if rapid temperature 
up and the inner surface oil currently used from the former since it is a cooling 
process attain hypoviscosity-ization in the thing of a polybutene system when using 
an induction heating furnace especially. 

[0016]On the other hand, when annealing the copper pipe wound around the coiled 
form for the purpose of removal of oil, At the time of pipe heating. [ whether inactive 
gas or reducing gas is continuously blown into a pipe, and ] or the method (JP,54- 
4861 8,A.) of discharging the lubricating oil gasified with heat by drawing in out of a 
pipe In JP,54-48619,A, JP,54-48620,A, JP,5-57263,A, and JP,6-279860,A. In order 
equipment of a gas supply device etc. is needed, and great annealing furnace 
reconstruction expense is needed and to supply gas continuously into a copper pipe, 
there is a problem that a running cost starts. 

[0017]In the way sandblasting etc. remove the carbon coat after annealing 
mechanically, detailed powder, such as alumina, is made to blow off to a tube interior 
by a high speed and high pressure force, and it is removing mechanically. However, a 
long coil cannot be processed, and since large-sized equipment is required, there is a 
problem that great plant-and-equipment investment is needed. 
[0018]This invention was made in view of this problem, and is ****. The change of 
between introduction of ** or a drawing process of the purpose is unnecessary, and 
a running cost is low, and it is providing pitting-proof copper or the copper alloy tube 
of low carbon coating weight which can prevent beforehand the corrosion trouble by 
the carbon residue in a copper pipe. 

[0019] 

[Means for Solving the Problem]In one copy or a whole process of a drawing process 
pitting-proof copper or a copper alloy tube concerning this invention, When kinetic 
viscosity at 40 ** is 150 or more cSt [ less than 10000 ] and infrared absorption 
luminous intensity by an infrared total-internal-reflection absorption process is made 

into [I], (CH ) - Said [I] [ in / in a wave number based on n-basis / 740 cm ] 

carries out drawing processing using a lubricating oil containing polybutene which is 
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less than 0.001 19, After carrying out continuous annealing by induction heating, it is 

2 

characterized by a carbon content which remains in a pipe being below 0.05 mg/ dm . 

[0020]As for said lubricating oil, in this invention, it is preferred that a carbon number 
is added less than 30% in alcohol of 6 thru/or 13. 

[0021] As for said alcohol, in this invention, it is preferred that it is at least one or 
more sorts of alcohol chosen from a group which consists of octyl alcohol and nonyl 
alcohol. 
[0022] 

[Embodiment of the Invention]Hereafter, pitting-proof copper or the copper alloy 
tube concerning the example of this invention is explained in detail. In [ result of 
wholeheartedly research ] one copy or whole process of a drawing process 
invention-in-this-application persons, When the kinetic viscosity at 40 ** is 1 50 or 
more cSt [ less than 1 0000 ] and infrared total-internal-reflection absorption 
luminous intensity by an infrared total-internal-reflection absorption process is made 
into [I], (CH ) - The wave number based on n-basis carries out drawing processing 

mm 

using the lubricating oil which contains the polybutene whose [I] in 740 cm is less 
than 0.001 1 9 70% of the weight or more, It found out that carbon and oil which 
remain in a pipe could be reduced by annealing with an induction heating furnace. 
[0023]Although fatty acid ester or isoparaffin was used as a viscosity controlling 
agent of polybutene, as a result of carrying out the pyrolysis of these alone, on the 
usual annealing conditions, a pyrolysis cannot fully be carried out. Alone, since these 
ingredients run short of steam pressure, after annealing, they will be condensed 
within a pipe and will remain as bottom oil. Although use of paraffin, isoparaffin, or 
olefins was tried as a viscosity controlling agent from this, it turned out that all 
cause bottom oil in a pipe since pyrolysis nature is low. Therefore, it is difficult as a 
viscosity controlling agent of polybutene to use the solvent of a petroleum system. 
By adding alcohol of the carbon numbers 6 thru/or 1 3 less than 30% of the weight to 
a lubricating oil based on these knowledge, the oiliness of the lubricating oil improved 
further and it found out that the printing preventive effect of a tool increased 
further. In straight pipe shape or a coiled form (several 1 00m thru/ or several 1 000m), 
a difference does not produce the gestalt of the copper pipe at the time of annealing 
in this case. 

[0024]The reason for limitation of the lubricating oil hereafter used for drawing 
processing of pitting-proof copper or a copper alloy tube concerning this invention is 
explained. 

[0025]The lubricating oil polybutene containing polybutene t ends to raise viscosity, 
when processing a copper pipe by a high speed and high working ratio, and it cannot 
leave residue easily in a copper pipe as compared with other oils. 
[0026]Kinetic viscosity at 40 ** of polybutene : The working ratio per 1 growth in or 
more 150 less than 10000 cSt drawing process (reduction of area) Not less than 20%, 
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When drawing speed is set to sec in not less than 10 m /, a bull block is used and 
drawing processing is made a dice as a tool using a floating plug, in a polybutene 
simple substance. When the kinetic viscosity at 40 ** of polybutene is less than 1 50 
cSt, printing by the floating plug surface and a tube interior occurs remarkably. For 
this reason, in being the worst, the frictional resistance between a floating plug and 
drawing material increases, a drawing fracture may be caused, and a production yield 
falls. On the other hand, if kinetic viscosity at 40 ** of polybutene is set to 10000 or 
more cSt, the oil film adhering to a tube interior will become thick, and the carbon 
content which remains after annealing will increase. Therefore, kinetic viscosity at 40 
** of polybutene is set to 1 50 or more cSt [ less than 10000 ]. 

[0027]In order that a wave number may make high pyrolysis nature of the polybutene 
used as raw material of a lubricating oil in less than [ infrared absorption luminous- 
intensity [I]: ] 0.0019 this invention of the polybutene in 740 cm~ , the ratio of n- 
butene in molecular structure is made low. n-butene ratio in polybutene can be 
judged by measuring infrared absorption luminous intensity using an infrared total 
reflection absorption measuring method. That is, the polybutene which uses n- 
butene as a raw material shows that there is so much quantity of n-butene in 
polybutene that the infrared absorption luminous intensity of polybutene [ in / in the 

wave number which originates in a -(CH ) n-basis in molecular structure / 740 cm 
] is a large value. 

[0028]A wave number becomes that the infrared absorption luminous intensity of the 

polybutene in 740 cm 1 is 0.001 9 or more with what has many n-butenes in a 
polybutene molecule, and the binding energy between the carbon atoms contiguous 
to a main chain and a main chain becomes high. As a result, the pyrolysis nature of 
polybutene falls and it becomes a cause of the bottom oil in a pipe. Therefore, a 
wave number makes infrared absorption luminous intensity of the polybutene in 740 

cm" 1 less than 0.0019. 

[0029]In order to specify n-butene ratio in polybutene, a wave number the infrared 

absorption luminous intensity in 740 cm , Use the crystal for fluid measurement 
with a crystal length of 70 cm and a crystal thickness of 3 mm made from ZeSe as a 
sample, and FT-IR by JEOL Co., Ltd. which equipped the horizontal form total- 
internal-reflection absorption measuring device with the MCT detector is used, In an 

-1 

incidence angle, 60 degrees and resolution measure by 4 cm , and an integration 
count measures on 1 000 times of conditions. Since the infrared spectrum with which 
reflecting times are equivalent to 6 to 7 times can be obtained in this condition, A 
wave number can ask for the infrared absorption luminous intensity of polybutene 

[ in / in a wave number / 740 cm 1 ] as an absolute value of the infrared absorption 

intensity per [ which appears in 734 cm 1 thru/or 743 cm ] reflection of a -(CH ) 

http://ww4.ipdl.mpit.go.jp/cgi-bi^ 2009/11/02 



JP,2000-263125,A [DETAILED DESCRIPTION] 



6/8 it 



n-basis. 

[0030]Although the peak of infrared absorption luminous intensity based on a -(Ch^) 

n-basis appears in 740 cm , the position in which this peak appears may shift 
slightly by a case. For this reason, in this invention, the wave number makes the 

height of the highest peak that appears in the range of 734 cm ^ thru/or 743 cm 
infrared absorption luminous intensity. In order to ask for infrared absorption 
luminous intensity from the obtained infrared spectrum, let the valley of the 

spectrum which a wave number produces in the range of 800 cm ^ thru/or 810 cm , 

and the line which the wave number drew between 680 cm ^ be baselines. 
[0031]The carbon number of alcohol: There is no oily effect that the carbon number 
of 6 thru/or 1 3 alcohol is less than six, and it is to only reduce the viscosity of a 
base oil. The flash point of a lubricating oil will be reduced. On the other hand, if the 
carbon number of alcohol exceeds 1 3, also in ordinary temperature, it will become 
easy to solidify, and will change and become difficult to deal with viscosity in bass. 
Therefore, the carbon number of alcohol of the regulator which adjusts oiliness and 
viscosity is set to 6 thru/or 1 3. Octyl alcohol and the carbon number of 8 have [ a 
carbon number ] the optimal nonyl alcohol of 9 from safety, viscosity control, and an 
oily viewpoint among such alcohol. 

[0032] Copper or the amount of carbon residue in a copper alloy tube: There is 
carbon residue in a pipe as one of the generation factors of chilled water mold cavity 

foods (Typel type) of below 0.05 mg/ dm copper or a copper alloy tube. The amount 

2 

of carbon residue in this pipe is made below into 0.05 mg/dm . Thereby, pitting 

susceptibility is reduced remarkably (JP.1-1 5586.A, JP,5-239677,A, and UK GB 

2 

204183). Therefore, below 0.05 mg/dm carries out the amount of carbon residue in 

a pipe. 

[0033] 

[Example]Hereafter, the characteristic is concretely explained as compared with a 
comparative example about the example of pitting-proof copper included in the range 
of this invention, or a copper alloy tube. 

[0034]Drawing of the pipe with a diameter of 9.52 mm and a thickness of 0.41 mm 
was carried out using the lubricating oil in which the kinds shown in Table 1 by a bull 
block after hot extrusion and cold rolling differ the ingot of Lynn deoxidized copper, 
and the existence of printing of a tool (plug) was investigated. Evaluation of printing 
made O what was able to carry out drawing processing of the pipe satisfactorily, and 
made x what printing of a tool or a drawing fracture generated. 
[0035]After rolling round to a 2000-mm-long coiled form, it purged by supplying 
nitrogen gas for 30 minutes in a pipe by the flow of 20 l. / min at the time of pipe 
annealing. Then, it annealed with the bright annealing furnace. 

[0036]From a coiled pipe, the carbon residue in a pipe extracts 15 things which cut 
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length to 50 mm, The carbon tetrachloride was used, internal and external surfaces 
were washed, between both ends was sealed, the pipe was immersed in concentrated 
nitric acid, the plug was taken after rinsing and desiccation, it heated in temperature 
of 700 ** in oxygen environment, carbon was made into CO and C0 2> and 

carbonaceous fixed-quantity measurement was performed with the infrared 
absorption method. 

[0037]Water supply piping of the area Typel mold cavity foods are comparatively apt 
to generate was carried out, and the field test for [ period ] one year was carried 
out. Half^segmented [ of the pipe ] was carried out after lapse of period, and the 
existence of corrosion generating of an inner surface was observed. The depth of 
corrosion made O what pitting of 0.01 mm or less generated, and evaluation made x 
what pitting with a corrosion depth of greater than 0.01 mm generated. These results 
are shown in Table 1 . The lubricating oil kinetic viscosity in Table 1 shows kinetic 
viscosity [ in / in temperature / 40 ** ]. 
[0038] 
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[0039]As shown in the above-mentioned table 1, example No.1 in the range of this 

invention thru/or 6 did not generate printing of a tool, the amount of the maximum 

2 

carbon residue after annealing is below 0.05 mg/dm , and generating of corrosion 
was not accepted in the field examination. 

[0040]Although example No.1 thru/or 4 changed the kinetic viscosity of polybutene 
and the copper pipe was manufactured, printing of a tool was not generated, the 

amount of the maximum carbon residue is also below 0.05 mg/dm , and generating of 
corrosion was not accepted in the field examination. 

[0041] Although example No.5 and 6 added alcohol to polybutene, kinetic viscosity 
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